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(57) This invention relates to integrated circuits 
which are protected from the environment 
Such circuits are sealed by applying a diffusion 
barrier metal layer to the bond pads and one or 
more passivation layers to the remainder of the 
circuit. 
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The present invention relates to integrated cir- 
cuits which are protected from the environment. 
These circuits are inexpensive to fabricate and hav 
improved performance and reliability. 

Modern electronic circuits must be able to with- 
stand a wide variety of environmental conditions such 
as moisture, ions, heat and abrasion. A significant 
amount of work has been directed toward various pro- 
tective measures to minimize the exposure of such 
circuits to adverse conditions and thereby increase 
their reliability and life. 

Many prior art processes for protecting electronic 
circuits have involved sealing or encapsulating the 
circuits after they have been interconnected. For ex- 
ample, it is known in the art to use materials such as 
silicones, polyimides, epoxies, other organics and 
plastics to encapsulate interconnected circuits. The 
above materials, however, are of only limited value 
since most remain permeable to environmental mois- 
ture and ions. 

Similarly, interconnected circuits have also been 
sealed within ceramic packages. This has proven to 
be relatively effective in increasing device reliability 
and is currently used. The added size, weight and 
cost involved, however, inhibits widespread applica- 
tion in the electronic industry. 

The use of lightweight ceramic protective coat- 
ings on electronic devices has also been suggested 
by Haluska et al. in U.S. Patent Nos. 4,756,977 and 
4,749,631 . The present inventor has found that when 
ceramic silica coatings are applied to integrated cir- 
cuits at the wafer stage and when the bond pads are 
subsequently opened by removing a portion of the 
coating, the resultant circuits remain sealed and ex- 
hibit increased reliability and life. 

Sealing circuits at the wafer stage is also known 
in the art. For example, it is known in the art to coat 
fabricated integrated circuits with ceramic materials 
such as silica and/or silicon nitride by CVD techni- 
ques. These coatings are then opened at the bond 
pads for the application of leads. The wafers coated 
in this manner, however, have inadequate reliability 
and life (Byrne, U.S. Patent No. 5,1 36,364). 

In contrast the present invention provides a sim- 
ple process for the protection of integrated circuits 
which involves sealing the bond pads of integrated cir- 
cuits with diffusion barrier layers and sealing the re- 
mainder of the device with passivation layers. 

The present invention relates to sealed integrated 
circuits. These circuits comprise a circuit subassem- 
bly having bond pads. A primary passivation layer 
covers the surface of this subassembly and openings 
are provided therein to expose at least a portion of th 
top surface of these bond pads. A diffusion barrier 
metal layer covers at least a portion of the top surfac- 
es of the bond pads. A secondary passivation covers 
at least the primary passivation and the edges of the 
diffusion barrier metal layer. 



Figure 1 is a cross-section of a semiconductor de- 
vice having the primary passivation, diffusion barrier 
metal and secondary passivation of the present in- 
vention. 

5 Figure 2 is a cross-section of a semiconductor de- 

vice having a two layer primary passivation, diffusion 
barrier metal and the secondary passivation of the 
present invention. 

Figure 3 is a cross-section of a semiconductor de- 

10 vice having the primary passivation, diffusion barrier 
metal and two layer secondary passivation of the 
present invention. This figure also shows a relocated 
bond pad. 

The present invention introduces sealed integrat- 
es ed circuits that are protected from environmental con- 
ditions by the application of diffusion barrier metal 
layers over the bond pads and by ceramic layers over 
the remainder of the circuits. The diffusion barrier 
metal layers are corrosion resistant and inhibit con- 
20 tact of degradative materials with the bond pads. Sim- 
ilarly, the passivation layers inhibit degration of the 
remainder of the circuit by limiting contact with such 
degradative materials. The resultant sealed circuits 
can then be easily interconnected by bonding (TAB, 
25 flip-chip and wire bonding, with gold, copper and sold- 
er) to the diffusion barrier metal layer. These circuits 
are much simpler and cheaper to make than prior art 
circuits since they don't require sealed noble metal 
layers. In addition, since this process can be per- 
30 formed at the wafer stage, production can be simpli- 
fied and costs reduced. 

The integrated circuit subassemblies used in the 
process of this invention are not critical and nearly 
any which are known in the art and/or produced com- 
35 mercially are useful herein. The processes used to 
produce such circuits are also known and not critical 
to the invention. Exemplary of such circuits are those 
comprising a semiconductor substrate (silicon, galli- 
um and arsenide) having an epitaxial layer grown 
40 thereon. This epitaxial layer is appropriately doped to 
form the PN-junction regions which constitute the ac- 
tive regions of the device. These active regions are di- 
odes and transistors which form the integrated circuit 
when appropriately interconnected by a properly pat- 
45 terned metallic layer. This metallic interconnect layer 
terminates at the bond pads on the exterior surface 
of the circuit subassembly. 

Figure 1 depicts a cross-section of such a semi- 
conductor substrate wherein (1) is the semiconductor 
so substrate and (2) is the bond pad. 

In the process of the present invention, the above 
integrated circuit subassemblies are sealed by (1) ap- 
plying a primary passivation layer over the surface of 
this subassembly; (2) applying a diffusion barrier 
55 metal layer over at least a portion of the top surfaces 
of the bond pads; and (3) applying a secondary pas- 
sivation over at least the primary passivation and the 
edges of the diffusion barrier metal layer. 
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This is shown in Figure 1 wherein (3) is primary 
passivation, (4) is the diffusion barrier metal and (5) 
is the secondary passivation. 

The method for applying the primary passivation 
is not critical and nearly any approach can be used. 5 
Generally, however, the top surface of the subassem- 
bly, including the bond pads, is covered with the pri- 
mary passivation and then the passivation covering 
the bond pads is etched. One example of a method for 
depositing the primary passivation involves applying 10 
a silicon-containing ceramic material by a process 
comprising coating the circuit with a composition 
comprising a preceramic silicon-containing material 
followed by converting the preceramic silicon-con- 
taining material to a ceramic. Typically, the preceram- 1 5 
ic silicon-containing material is converted to a ceram- 
ic by heating it to a sufficient temperature. This ap- 
proach is particularly advantageous in that the resul- 
tant coating is planar. 

As used in the present invention, the term "pre- 20 
ceramic silicon-containing material" describes mate- 
rial which can be rendered sufficiently flowable to im- 
pregnate and coat the surface of a circuit and which 
can be subsequently converted to a solid layer exhib- 
iting properties generally recognized by those skilled 25 
in the art as characteristic of a ceramic. These mate- 
rials include precursors to silicon oxides, silicon nitr- 
ide, silicon oxynitride, silicon oxycarbide, silicon car- 
bonitride, silicon oxycarbonitride and silicon carbide. 

The preferred preceramic silicon-containing ma- 30 
terials to be used in the process of this invention are 
precursors to silicon oxides, especially silica. The sil- 
ica precursors which may be used in the invention in- 
clude hydrogen silsesquioxane resin (H-resin), hy- 
drolyzed or partially hydrolyzed R n Si(OR)4. n or their 35 
combinations, in which each R is independently an 
aliphatic, alicyclic or aromatic substituent of 1-20 car- 
bon atoms, preferably 1-4, such as an alkyl (methyl, 
ethyl and propyl); alkenyl (vinyl orally)); alkynyl (ethy- 
nyl); cyclopentyi; cyclohexyl and phenyl where n is an 40 
integer of 0-3, preferably 0 or 1. 

H-resin is used in this invention to describe a va- 
riety of hydridosi lane resins having units of the struc- 
ture HSKOHWORJyO^ in which each R is indepen- 
dently an organic group which, when bonded to sili- 45 
con through the oxygen atom, forms a hydrolyzable 
substituent, x = 0-2, y = 0-2, z = 1-3 and x + y + z = 
3. These resins may be either fully condensed (x = 0, 
y = 0 and z = 3) or they may be only partially hydrol- 
yzed (y does not equal 0 over all the units of the poly- so 
mer) and/or partially condensed (x does not equal 0 
over all the units of the polymer). Although not repre- 
sented by this structure, various units of these resins 
may have either zero or more than one Si-H bond due 
to various factors involved in their formation and han- 55 
diing. 

Exemplary of substantially condens d H-resins 
(less than 300 ppm silanol) are those formed by th 



process of Frye et al. in U.S. Patent No. 3,615,272. 
This polymeric mat rial has units of the formula 
(HSiO^n in which n is generally 8-1000. The prefer- 
red resin has a number average molecular weight of 
800-2900 and a weight average molecular weight of 
8000-28,000 (obtained by GPC analysis using polydi- 
methylsiloxane as a calibration standard). When 
heated sufficiently, this material yields a ceramic 
coating essentially free of SiH bonds. 

Exemplary H-resins, which may not be fully con- 
densed, include those of U.S. Patent No. 5,010,159 
or of U.S. Patent No. 4,999,397. Exemplary H-resin 
which is not fully hydrolyzed or condensed is that 
formed by a process which comprises hydrolyzlng a 
hydrocarbonoxy hydridosi lane with water in an acidi- 
fied oxygen-containing polar organic solvent. 

A platinum, rhodium or copper catalyst may be 
admixed with the hydrogen silsesquioxane to in- 
crease the rate and extent of its conversion to silica. 
Any platinum, rhodium or copper compound or com- 
plex that can be solubilized in this solution will be op- 
erable. For instance, an organoplatinum composition 
such as platinum acetylacetonate or rhodium catalyst 
RhClalSfCHaCHzCHaCHa)^, obtained from Dow 
Corning Corporation, Midland, Michigan, are all with- 
in the scope of this invention. The above catalysts are 
generally added to the solution in an amount of be- 
tween 5 and 500 ppm platinum or rhodium based on 
the weight of resin. 

The second type of silica precursor material use- 
ful herein includes hydrolyzed or partially hydrolyzed 
compounds of the formula R r Si(0R) 4 . n in which R and 
n are as defined above. Some of these materials are 
commercially available, for example, under the trade- 
name ACCUGLASS. Specific compounds of this type 
include methyltriethoxysilane, phenyltriethoxysilane, 
diethyldiethoxysilane, methyltrimethoxysilane, di- 
methyldimethoxysilane, phenyltrimethoxysilane, vl- 
nyltrimethoxysilane, tetramethoxysilane, tetraethox- 
ysilane, tetrapropoxysilane and tetrabutoxysilane. 
After hydrolysis or partial hydrolysis of these com- 
pounds, the silicon atoms therein may be bonded to 
C, OH or OR groups, but a substantial portion of the 
material is believed to be condensed in the form of 
soluble Si-O-Si resins. Compounds in which x = 2 or 
3 are generally not used alone as volatile cycljc struc- 
tures are generated during pyrolysis, but small 
amounts of said compounds may be cohydrolyzed 
with other silanes to prepare useful preceramic ma- 
terials. 

In addition to the above Si0 2 precursors, other 
ceramic oxide precursors may also b advantageous- 
ly used herein either solely or in combination with the 
above Si02 precursors. The ceramic oxide precursors 
specifically contemplated herein include compounds 
of various metals such as aluminum, titanium, zirco- 
nium, tantalum, niobium and/or vanadium, as well as 
various non-metallic compounds such as those of 
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boron or phosphorous which may be dissolved in sol- 
ution, hydrolyz d and subsequently pyrolyzed at rel- 
atively low temperatures to form ceramic oxides. 

The above ceramic oxid precursor compounds 
generally have one or more hydrolyzable groups 
bonded to the above metal or non-metal, depending 
on the valence of the metal. The number of hydrolyz- 
able groups to be included in these compounds is not 
critical as long as the compound is soluble in the sol- 
vent. Likewise, selection of the exact hydrolyzable 
substituent is not critical since the substituents are 
either hydrolyzed or pyrolyzed out of the system. Typ- 
ical hydrolyzable groups include aikoxy, such as me- 
thoxy, propoxy, butoxy and hexoxy; acyloxy, such as 
acetoxy; other organic groups bonded to said metal or 
non-metal through an oxygen such as acetylaceton- 
ate; or an amino group. Specific compounds, there- 
fore, include zirconium tetracetylacetonate, titanium 
dibutoxy diacetylacetonate, aluminum triacetylace- 
tonate, tetraisobutoxy titanium and Ti(N(CH 3 )2)4. 

When Si0 2 is to be combined with one of the 
above ceramic oxide precursors, generally it is used 
in an amount such that the final ceramic contains 70 
to 99.9 percent by weight Si0 2 . 

Examples of other silicon-containing preceramic 
materials include silicon carbonitride precursors such 
as hydridopolysilazane (HPZ) resin and methylpolydi- 
silylazane (MPDZ) resin. Processes for the produc- 
tion of these materials are described in U.S. Patent 
Nos. 4,540,803 and 4,340,619. Examples of silicon 
carbide precursors include polycarbosi lanes and ex- 
amples of silicon nitride precursors include polysila- 
zanes. Oxygen can be incorporated into the ceramics 
resulting from the above precursors or the precursors 
can be converted to silica by pyrolyzing them in an 
oxygen-containing environment. 

The above silicon-containing preceramic materi- 
al is then used to coat the integrated circuit The ma- 
terial can be used in any practical form but it is pre- 
ferred to use a liquid comprising the preceramic ma- 
terial in a suitable solvent If this solution approach is 
used, the preceramic liquid is generally formed by 
simply dissolving or suspending the preceramic ma- 
terial in a solvent or mixture of solvents. Various fa- 
cilitating measures such as stirring and/or heat may 
be used to assist in the dissolution/dispersion. The 
solvents which may be used in this method include al- 
cohols such as ethyl or isopropyl, aromatic hydrocar- 
bons such as benzene or toluene, alkanes such as n- 
heptane or dodecane, ketones, cyclic dimethylpolysi- 
loxanes, esters or glycol ethers, in an amount suffi- 
cient to dissolve or disperse the above materials to 
low solids. For instance, enough of the above solvent 
can be included to form a 0.1-85 weight percent sol- 
ution. 

The circuit is then coated with this liquid by 
means such as spin, spray, dip orf low coating and the 
solvent is allowed to evaporate. Any suitable means 



of evaporation such as simple air drying by xposure 
to an ambi nt environment or the application of a va- 
cuum may be used. 

Although the above described methods primarily 

5 focus on using a solution approach, one skilled in the 
art would recognize that other equivalent means (eg., 
melt impregnation) would also function herein. 

The preceramic material is then typically convert- 
ed to the silicon-containing ceramic by heating it to a 

10 sufficient temperature. Generally, the temperature Is 
in the range of 50 to 1000°C. depending on the pyr- 
olysis atmosphere and the preceramic compound. 
Preferred temperatures are in the range of 50 to 
600°C. and more preferably 50-400°C. Heating is 

is generally conducted for a time sufficient to ceramify, 
generally up to 6 hours, with less than 2 hours being 
preferred. 

The above heating may be conducted at any ef- 
fective atmospheric pressure from vacuum to super- 

20 atmospheric and under any effective oxidizing or non- 
oxidizing gaseous environment such as those com- 
prising air, 0 2 , an inert gas (N 2 , etc.), ammonia, 
amines, moisture and N 2 0. 

Any method of heating such as the use of a con- 

25 vection oven, rapid thermal processing, hot plate or 
radiant or microwave energy is generally functional 
herein. The rate of heating, moreover, is also not crit- 
ical, but it is most practical and preferred to heat as 
rapidly as possible. 

30 Additionel examples of methods for the applica- 
tion of the primary passivation include physical vapor 
deposition (PVD) or chemical vapor deposition (CVD) 
of coatings such as silicon oxygen containing coat- 
ings, silicon containing coatings, silicon carbon con- 

35 taining coatings, silicon nitrogen containing coatings, 
silicon oxygen nitrogen coatings, silicon nitrogen car- 
bon containing coatings, silicon oxygen carbon con- 
taining coatings, silicon oxygen carbon nitrogen con- 
taining coatings and/or diamond like carbon coatings. 

40 The materials and methods for the formation of 
these ceramic coatings are not critical to the invention 
and many are known in the art. Examples of applica- 
ble methods include a variety of chemical vapor de- 
position techniques such as conventional CVD, pho- 

45 tochemical vapor deposition, plasma enhanced 
chemical vapor deposition (PECVD), electron cyclo- 
tron resonance (ECR), jet vapor deposition and a va- 
riety of physical vapor deposition techniques such as 
sputtering and electron beam evaporation. These 

so processes involve either the addition of energy (in the 
form of heat, plasma, etc.) to a vaporized species to 
cause the desired reaction or the focusing of energy 
on a solid sample of the material to cause its depos- 
ition. 

55 In conv ntional chemical vapor deposition, the 

coating is deposited by passing a stream of the de- 
sired precursor gases over a heated substrat . When 
the precursor gases contact the hot surface, they re- 
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act and deposit the coating. Substrate temperatures 
in the range of 100-1G00°C. are sufficient to form 
these coatings in several minutes to several hours, 
depending on the precursors and the thickness of the 
coating desired. If desired, reactive metals can be 5 
used in such a process to facilitate deposition. 

In PECVD, the desired precursor gases are react- 
ed by passing them through a plasma field. The reac- 
tive species thereby formed are then focused at the 
substrate and readily adhere. Generally, the advan- 10 
tage of this process over CVD is that lower substrate 
temperature can be used. For instance, substrate 
temperatures of 20 to 600°C. are functional. 

The plasma used in such processes can com- 
prise energy derived from a variety of sources such 15 
as electric discharges, electromagnetic fields in the 
radio-frequency or microwave range, lasers or partic- 
le beams. Generally preferred in most plasma depos- 
ition processes is the use of radio frequency (10 kHz 
to 10 2 MHz) or microwave (0.1-10 GHz) energy at 20 
moderate power densities (0.1-5 watts/cm 2 ). The 
specific frequency, power and pressure, however, 
are generally tailored to the precursor gases and the 
equipment used. 

Examples of suitable processes for the deposi- 25 
tion of the silicon containing coating described above 
include (a) the chemical vapor deposition of a silane, 
haiosilane, halodisilane, halopolysilane or mixtures 
thereof, (b) the plasma enhanced chemical vapor de- 
position of a silane, haiosilane, halodisilane, halopo- 30 
lysilane or mixtures thereof or (c) the metal assisted 
chemical vapor deposition of a silane, haiosilane, ha- 
lodisilane, halopolysilane or mixtures thereof. 

Examples of suitable processes for the deposi- 
tion of the silicon carbon containing coating described 35 
above include (1) the chemical vapor deposition of a 
silane, alkylsilane, haiosilane, halodisilane, halopoly- 
silane or mixtures thereof optionally in the presence 
of an alkane of one to six carbon atoms or an alkylsi- 
lane, (2) the plasma enhanced chemical vapor depos- 40 
ition of a silane, alkylsilane, haiosilane, halodisilane, 
halopolysilane or mixtures thereof optionally in the 
presence of an alkane of one to six carbon atoms or 
an alkylsilane or (3) the plasma enhanced chemical 
vapor deposition of a silacyclobutane or disilacyclo- 45 
butane as described in U.S. Patent No. 5,011,706. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen carbon containing coating 
described above include (1) the chemical vapor de- 
position of a silane, alkylsilane, haiosilane, halodisi- so 
lane, halopolysilane or mixtures thereof optionally in 
the presence of an alkane of one to six carbon atoms 
or an alkylsilane and further in the presence of an ox- 
idizing gas such as air, oxygen, ozone, nitrous oxide 
and the like, (2) the plasma enhanced chemical vapor 55 
deposition of a silane, alkylsilane, haiosilane, halodi- 
silane, halopolysilane or mixtures thereof optionally 
in the presence of an alkane of one to six carbon 



atoms or an alkylsilane and further in the presence of 
an oxidizing gas such as air, oxyg n, ozone, nitrous 
oxide and the lik or (3) the plasma enhanced chem- 
ical vapor deposition of a silacyclobutane or disilacy- 
clobutane as described in U.S. Patent No. 5,011,706, 
in the presence of an oxidizing gas such as air, oxy- 
gen, ozone and nitrous oxide. , 

Examples of suitable processes for the deposi- 
tion of the silicon nitrogen containing coating descri- 
bed above include (A) the chemical vapor deposition 
of a silane, haiosilane, halodisilane, halopolysilane 
or mixtures thereof in the presence of ammonia, (B) 
the plasma enhanced chemical vapor deposition of a 
silane, haiosilane, halodisilane, halopolysilane or 
mixtures thereof in the presence of ammonia, (C) the 
plasma enhanced chemical vapor deposition of a 
SiH 4 - N 2 mixture such as that described by Ionic Sys- 
tems or that of Katoh et al. in the Japanese Journal 
of Applied Physics, vol. 22, #5, pp1 321 -1 323 or(D) re- 
active sputtering such as that described in Semicon- 
ductor International, p 34, August 1987. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen nitrogen containing coating 
described above include (A) the chemical vapor de- 
position of a silane, haiosilane, halodisilane, halopo- 
lysilane or mixtures thereof in the presence of ammo- 
nia and an oxidizing gas such as air, oxygen, ozone, 
nitrous oxide and the like, (B) the plasma enhanced 
chemical vapor deposition of a silane, haiosilane, ha- 
lodisilane, halopolysilane or mixtures thereof in the 
presence of ammonia and an oxidizing gas such as 
air, oxygen, ozone, nitrous oxide and the like, (C) the 
plasma enhanced chemical vapor deposition of a 
SiH 4 - N 2 mixture such as that described by Ionic Sys- 
tems or that of Katoh et al. in the Japanese Journal 
of Applied Physics, vol. 22, #5, pp1321-1323 in the 
presence of an oxidizing gas such as air, oxygen, 
ozone, nitrous oxide and the like or (D) reactive sput- 
tering such as that described in Semiconductor Inter- 
national, p 34, August 1987 in the presence of an ox- 
idizing gas such as air, oxygen, ozone, nitrous oxide 
and the like. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen containing coating descri- 
bed above include (A) the chemical vapor deposition 
of a silane, haiosilane, halodisilane, halopolysilane 
or mixtures thereof in the presence of an oxidizing 
gas such as air, oxygen, ozone and nitrous oxide, (B) 
the plasma enhanced chemical vapor deposition of a 
silane, haiosilane, halodisilane, halopolysilane or 
mixtures thereof in the presence of an oxidizing gas 
such as air, oxygen, ozone and nitrous oxide, (c) the 
chemical vapor deposition or plasma enhanced 
chemical vapor deposition of tetraethylorthosilicate, 
methyltrimethoxysilane, methyl hydrogens! loxan s 
and dimethylsiloxanes in the presence of an oxidizing 
gas such as air, oxygen, ozone and nitrous oxide or 
(d) the chemical vapor deposition or plasma n- 
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hanced chemical vapor deposition of hydrogen sil- 
sesquioxane resin in the presenc of an oxidizing gas 
such as air, oxygen, ozone and nitrous oxide as de- 
scribed in U.S. Patent No. 5,165,955. 

Examples of suitable processes for the deposi- 
tion of the silicon carbon nitrogen containing coating 
described above include (i) the chemical vapor de- 
position of hexamethyldisiiazane, (ii) the plasma en- 
hanced chemical vapor deposition of hexamethyldisi- 
iazane, (iii) the chemical vapor deposition of silane, 
alkylsilane, halosilane, halodisilane, halopolysilane 
or mixture thereof optionally in the presence of an al- 
kane of one to six carbon atoms or an alkylsilane and 
further in the presence of ammonia or (iv) the plasma 
enhanced chemical vapor deposition of a silane, al- 
kylsilane, halosilane, halodisilane, halopolysilane or 
mixture thereof optionally in the presence of an al- 
kane of one to six carbon atoms or an alkylsilane and 
further in the presence of ammonia. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen carbon nitrogen containing 
coating described above include (i) the chemical va- 
por deposition of hexamethyldisiiazane in the pres- 
ence of an oxidizing gas such as air, oxygen, ozone, 
nitrous oxide and the like, (ii) the plasma enhanced 
chemical vapor deposition of hexamethyldisiiazane in 
the presence of an oxidizing gas such as air, oxygen, 
ozone, nitrous oxide and the like, (iii) the chemical va- 
por deposition of silane, alkylsilane, halosilane, halo- 
disilane, halopolysilane or mixture thereof optionally 
in the presence of an alkane of one to six carbon 
atoms or an alkylsilane and further in the presence of 
ammonia and an oxidizing gas such as air, oxygen, 
ozone, nitrous oxide and the like or (iv) the plasma en- 
hanced chemical vapor deposition of a silane, alkyl- 
silane, halosilane, halodisilane, halopolysilane or 
mixture thereof optionally in the presence of an al- 
kane of one to six carbon atoms or an alkylsilane and 
further in the presence of ammonia and an oxidizing 
gas such as air, oxygen, ozone, nitrous oxide and the 
like. 

Examples of suitable processes for the deposi- 
tion of the diamond-like carbon coating described 
above include exposing the substrate to an argon 
beam containing a hydrocarbon in the manner descri- 
bed in NASA Tech Briefs, November 1989 or by one 
of the methods described by Spear in J. Am. Ceram. 
Soc., 72, 171-191 (1989). 

It should be noted that the primary passivation 
may be doped with other agents, if desired. For in- 
stance, the coatings may be doped with boron, phos- 
phorous or carbon to modify their characteristics. 

Either one or more of the above coatings may b 
used as the primary passivation. In a preferred em- 
bodiment of the invention, a silicon-containing ceram- 
ic layer derived from a preceramic silicon-containing 
material is used as a first planar layer and a second 
layer of a material such as silicon nitride or silicon car- 



bide is applied on top of the first layer by CVD. 

Figure 2 depicts a cross-section of such a semi- 
conductor substrat (1) having a bond pad (2), a pri- 
mary passivation comprising a silicon containing cer- 

5 amic layer derived from a preceramic silicon contain- 
ing material (3a) and layer applied by CVD (3b), a bar- 
rier metal (4) and the secondary passivation layer (5). 

If this standard approach is utilized, the coating 
covering the bond pad is etched or partially etched to 

10 expose the top surface of the bond pad for deposition 
of the diffusion barrier metal layer. In one embodi- 
ment of the invention, the primary passivation on the 
entire top surface of the bond pad can be removed. 
In the preferred embodiment, however, only a portion 

15 of the pri mary passivation on the top surface of bond 
pad is removed such that the primary passivation 
overlaps the edges and the top surface of the bond 
pad. It should be noted, however, that other ap- 
proaches which result in open bond pads may also be 

20 used (eg., depositing the coating only around the 
bond pads). 

The method of etching is not critical and nearly 
any process known in the art will function herein. This 
includes dry etching (eg., with plasma), wet etching 
25 (eg., with aqueous hydrofluoric acid) and/or laser 
ablation. 

It should be noted that circuits having a primary 
passivation and methods for their manufacture are 
known in the art. For instance, it is known to apply a 

30 primary passivation comprising one or more ceramic 
coatings of silica, silicon nitride or silicon oxynitride 
by a chemical vapor deposition technique employing 
precursors such as silane and oxygen, nitrous oxide, 
nitrogen and ammonia. Similarly, it is known in the art 

35 to etch these coatings to expose the bond pads for in- 
terconnection. What has not been described in this 
prior art, however, is the deposition of a diffusion bar- 
rier metal layer and a secondary passivation on such 
circuits. 

40 The diffusion barrier metal layer useful herein is 
not critical and is generally known in the art for use 
within integrated circuits for building the multiple lay- 
ers of the circuit Generally, such a layer comprises 
one or more coatings of metals and metal alloys such 

45 as tungsten, titanium-tungsten, titanium-nitride, nick- 
el-vanadium, chromium, nickel-chromium and the 
like. 

The method for forming the diffusion barrier met- 
al layer is also not critical and many techniques are 

so known in the art. Examples of such processes include 
various physical vapor deposition (PVD) techniques 
such as sputtering and electron beam evaporation. A 
common approach involves sputtering the barrier 
metal layer on the surface of the circuit followed by 

55 etching to define the area of th barrier m talcov r- 
age. 

The diffusion barrier metal layer may be applied 
in nearly any geometric configuration desired. In a 
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preferred embodiment of the invention, the diffusion 
barrier metal layer overlaps the first passivation layer 
to provide additional protection. This is shown in Fig- 
ures 1, 2 and 3 wherein the barrier metal (4) overlaps 
the primary passivation (3). In a second preferred em- 5 
bodiment, the diffusion barrier metal layer is used to 
relocate the bond pad to an area which is not vertically 
above the original bond pad. This is shown in Figure 
3 wherein opening (6) is etched in the secondary pas- 
sivation at a location not directly above the original io 
bond pad (2). 

After the bond pads have been sealed with diffu- 
sion barrier metal layer, a secondary passivation 
comprising one or more additional ceramic layers is 
applied to the circuit. This secondary passivation is 15 
applied in a manner such that the primary passivation 
and the edges of the diffusion barrier metal layer are 
covered. In a preferred embodiment the secondary 
passivation layer also overlaps the top surface or the 
diffusion barrier metal layer. Figure 2 depicts a cross- 20 
section of such a semiconductor substrate (1) having 
a bond pad (2), a primary passivation (3), a barrier 
metal (4) and a secondary passivation layer which 
overlaps the top surface of the barrier metal compris- 
ing a silicon containing ceramic layer derived from a 25 
preceramic silicon containing material (5a) and layer 
applied by CVD (5b). 

The secondary passivation and its method of ap- 
plication are essentially identical to those of the pri- 
mary passivation described above. This layer seals 30 
any pores, pinholes and defects in the primary pas- 
sivation and it seals the edges of the barrier diffusion 
metal layer to insure a complete seal. 

Generally, the seconday passivation is applied to 
the entire top surface of the circuit including the pri- 35 
mary passivation and the diffusion barrier metal lay- 
er. After application, the coating covering the diffu- 
sion barrier metal layer is etched or partially etched to 
allow for attachment of leads. The methods of etching 
are essentially as described above. It should again be 40 
noted that alternative means of applying the second- 
ary passivation may be used. 

After the secondary passivation covering the 
bond pads has been etched, the circuits are heremet- 
ically sealed such that they can be handled and/or 45 
transported without damage. In addition, either of the 
passivation layers may absorb UV or visible light to 
prevent damage and inhibit inspection. Moreover, cir- 
cuits sealed in this manner are extremely flexible in 
methods for interconnection. For instance, bumps of so 
gold, copper and solder can be applied to the circuit 
for use in "flip-chip' 1 or TAB interconnection. Alterna- 
tively, leads can be bonded to the diffusion barrier 
metal layer or silverf illed epoxy interconnects can be 
formed. This flexible approach is much more desir- 55 
able than alternative designs in which noble metals 
are required. 

After int rconnection, the device can also be 



packaged by conventional techniques known in the 
art. For instance, the device can b embedded within 
an organic encapsulant such as a polyimide, an 
epoxy or PARYLEIME™, it can be embedded within a 
silicone encapsulant or it can be included in a plastic 
package for additional protection. 

Claims 

1. A method for sealing an integrated circuit subas- 
sembly having bond pads comprising; 

applying a primary passivation layer over 
the surface of the subassembly and the bond 
pads; 

etching the primary passivation to expose 
at least a portion of the top surface of the bond 
pads; 

applying a diffusion barrier metal layer 
over at least a portion of the top surfaces of the 
bond pads exposed through the primary passiva- 
tion; 

applying a secondary passivation over the 
primary passivation and the diffusion barrier 
metal layer; and 

etching the primary passivation to expose 
at least a portion of the top surfaces of the diffu- 
sion barrier metal layer. 

2. An integrated circuit comprising: 

a circuit subassembly having bond pads; 

a primary passivation layer covering the 
surface of the subassembly, wherein the primary 
passivation has openings therein to expose at 
least a portion of the top surface of the bond 
pads; 

a diffusion barrier metal layer covering at 
least a portion of the top surfaces of the bond 
pads; and 

a secondary passivation covering at least 
the primary passivation and the edges of the dif- 
fusion barrier metal layer. 

3. The integrated circuit of claim 2 wherein the pri- 
mary passivation layer is selected from silicon 
oxides, silicon nitride, silicon oxynitride, silicon 
oxycarbide, silicon carbonitride, silicon oxycar- 
bonitride and silicon carbide. 

4. The integrated circuit of claim 2 wherein the sec- 
ondary passivation layer is selected from silicon 
oxides, silicon nitride, silicon oxynitride, silicon 
oxycarbide, silicon carbonitride, silicon oxycar- 
bonitrid and silicon carbide. 

5. The integrated circuit of claim 3 wherein the pri- 
mary passivation layer comprises a silicon-con- 
taining ceramic material which is deposited by a 
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process comprising coating the circuit with a 
composition comprising a preceramic silicon- 
containing material followed by converting said 
material to a ceramic. 

L The integrated circuit of claim 4 wherein the sec- 
ondary passivation layer comprises a silicon- 
containing ceramic material which is deposited by 
a process comprising coating the circuit with a 
composition comprising a preceramic silicon- 
containing material followed by converting said 
material to a ceramic. 

7. The integrated circuit of claims 5 or 6 wherein the 
silicon containing ceramic material also contains 
an oxide selected from aluminum oxide, titanium 
oxide, zirconium oxide, tantalum oxide, niobium 
oxide, vanadium oxide, boron oxide and phos- 
phorous oxide. 

8. The integrated circuit of claim 2 wherein the pri- 
mary passivation layer comprises a si lica coating 
covered by one or more additional ceramic layers 
selected from Si0 2 coatings, Si0 2 /ceramic oxide 
coatings, silicon coatings, silicon carbon contain- 
ing coatings, silicon nitrogen containing coat- 
ings, silicon oxygen nitrogen containing coatings, 
silicon carbon nitrogen containing coatings and 
diamond-like carbon coatings. 

9. The integrated circuit of claim 2 wherein the sec- 
ondary passivation layer comprises a silica coat- 
ing covered by one or more additional ceramic 
layers selected from Si0 2 coatings, Si0 2 /ceramic 
oxide coatings, silicon coatings, silicon carbon 
containing coatings, silicon nitrogen containing 
coatings, silicon oxygen nitrogen containing 
coatings, silicon carbon nitrogen containing coat- 
ings and diamond-like carbon coatings. 

10. The integrated circuit of claim 2 wherein the dif- 
fusion barrier metal layer overlaps a portion of 
the primary passivation. 

11. The integrated circuit of claim 2 wherein the dif- 
' fusion barrier metal layer is selected from titani- 
um, titanium-tungsten, titanium-nitride, nickel- 
vanadium, chromium and nickel-chromium. 

12. The integrated circuit of claim 2 which has been 
interconnected and embedded within a material 
selected from organic encapsulants and silicone 
encapsulants. 

13. The integrated circuit of claim 2 wherein the pri- 
mary or secondary passivation layer absorbs ul- 
traviolet or visible light. 



14. The integrated circuit of claim 2 wherein the seo 
ondary passivation is etched to expose the diffu- 
sion barrier metal for attachment of leads, said 
etched area being in a location not directly above 
the original bond pad. 
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